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Corrigendum 


On page 48 of the April 2020 issue of The Victorian Naturalist the term ‘cypress pines’ was 
used incorrectly by the author. The cypress mentioned in the article is a Cupressus sp., not a 
Callitris sp. 
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Dingoes in the Victorian Alpine Region 


Zali Jestrimski! and Naomi Monk? 


‘Department of Ecology, Environment and Evolution, 
La Trobe University, Bundoora, Victoria 3086. 
? Mount Hotham Alpine Resort Management Board, Hotham Heights, Victoria 3741. 


Abstract 

In the alpine regions of south-eastern Australia, Dingo Canis dingo populations remain extant, yet little is 
known about their population dynamics and activity. There is potential for the presence of dingoes to influence 
the activity of introduced species that persist across the region, such as feral Cats Felis catus. This study aimed 
to report on dingo activity patterns and the spatial and temporal distributions of other fauna with the use of 
trail cameras. The results suggest that dingoes have a different temporal daily distribution in comparison to 
introduced species including Red Foxes, feral Cats and deer, with an activity peak at dawn and dusk. Whilst 
there was spatial overlap of Dingoes with Red Foxes Vulpes vulpes and Sambar Deer Rusa unicolor, there were 


less Cats in locations with Dingoes. (‘The Victorian Nauralist 137(4), 2020, 96-104) 


Keywords: Dingo, predator, feral Cat, Red Fox, trophic interaction 


Introduction 

Many Australian ecosystems have been invaded 
by non-native species (Stow et al. 2014), result- 
ing in a decline of native biodiversity or eco- 
nomic loss (Sakai et al. 2001). The introduction 
of meso-predator populations has led to a rapid 
decline in native Australian species (Kennedy 
et al. 2012). These are mid-trophic level preda- 
tors that generally consume small prey (Ken- 
nedy et al. 2012). Red Foxes Vulpes vulpes and 
feral Cats Felis catus are widely distributed and 
are estimated to be associated with 22 native 
mammal extinctions on mainland Australia 
(Kennedy et al. 2012). Additionally, ungulates 
are known to have significant impacts on Aus- 
tralian native vegetation (Stow et al. 2014) since 
their arrival from around 1840 (Freeland 1990). 
Sambar Deer Rusa unicolor have expanded into 
the alpine region following the 2003 fires (Wil- 
liams et al. 2014). 

On the Australian mainland, the dingo Canis 
dingo is the predator at the highest trophic level 
(Smith et al. 2019). The origin of dingoes within 
Australia remains debated; however, Cairns and 
Wilton (2016) suggest that dingoes arrived in 
Australia more than 8000 years ago. Follow- 
ing early extermination across most of Victoria, 
extant populations of dingoes persist in the 
Lowan Mallee, far east Gippsland and the 
alpine region (Menkhorst 1995). The dingo, 
ngooran in the language of traditional owners 
of Gippsland and parts of the alpine region, was 
a totemic species (Mansergh and Hercus 1981). 
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Understanding the role of dingoes is controver- 
sial; as with many apex predators, pastoralists 
have regarded dingoes as a pest since colonial 
times (Smith et al. 2019). For this reason, all re- 
search until recently was directed to lethal con- 
trol and eradication of dingoes and Dingo-dog 
Canis familiaris hybrids. However, the dingo as 
an apex predator is likely to play an essential role 
in the health of Australian ecosystems through 
maintaining suppressed levels of herbivores and 
invasive meso-predators (Kennedy et al. 2012; 
Corbett and Newsome 1987). There is little lit- 
erature regarding the ecological role of dingoes 
in Victoria. However, in other parts of Australia 
research indicates that dingoes reduce feral Cat 
impacts and Red Fox numbers (Kennedy et 
al. 2012). Additionally, Corbett and Newsome 
(1987) gave an overview of the diet of dingoes 
in arid locations and found that overabundant 
herbivores, including European rabbits Oryc- 
tolagus cuniculus and kangaroos Macropus 
spp., constitute the largest portion of their diet. 
Although dingoes are unlikely to commonly 
hunt deer directly, as scat studies show deer 
make up a very small percentage of dingo diet in 
Victoria (Forsyth et al. 2018), it is unclear 
whether predator avoidance behavioural chang- 
es in deer could result in dingo avoidance. 
Throughout the Australian Alps, unique, 
alpine-adapted species are threatened by weed 
invasion, predation and grazing by invasive 
flora and fauna (Johnston and Pickering 2001; 
McDougall et al. 2005; McDougall and Broome 
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2007; Dawson and Hone 2012; Davis et al. 
2016). The Mountain Pygmy Possum Burramys 
parvus, for example, is a small endemic marsu- 
pial, weighing less than 50 g, that is restricted to 
high altitudes and at risk due to anthropogenic 
factors and predation by introduced meso- 
predators (Mitrovski et al. 2007; Shi et al. 2015). 
Control measures are used across many Victo- 
rian sites in an attempt to reduce the threat of 
Red Foxes and feral Cats (Parks Victoria 2019). 
Letnic et al. (2012) noted that, in other Austral- 
ian locations, the presence of dingoes typically 
benefits species that weigh less than 1 kg. 

Limiting the spread of, or removing, invasive 
species, in alpine environments is a difficult 
task, with the currently available control pro- 
cesses unable to assure eradication (Notman 
1989; Bubela et al. 1998). Deer populations 
(family Cervidae) are known to be destructive 
to native vegetation and soils (Cété et al. 2004) 
and are increasing in Australia despite ongoing 
attempts to decrease their abundance through 
hunting and aerial shooting (Moriarty. 2004; 
Parks Victoria 2018). Moreover, reducing the 
abundance or spread of feral predators through 
methods such as trapping and shooting vary 
in success between time of year, location and 
other variables, but are nevertheless unable to 
ensure eradication (Bubela et al. 1998; Short et 
al. 2002). Likewise, poison baiting is costly, and 
potentially detrimental to native biota through 
direct consumption by non-target species, and 
indirect processes such as carrion degradation 
in waterways (Notman 1989; Thompson and 
Fleming 1991; Bubela et al. 1998). 

In order to develop effective conservation 
management plans, other approaches could 
be utilised. Landmark research on the re-in- 
troduction of the Grey Wolf (Canis lupus) to 
Yellowstone National Park (Fortin et al. 2005) 
highlighted the importance of apex predators 
in ecosystem and vegetation health, meso- 
predator release and ecological cascades. Fortin 
et al. (2005) demonstrated the immense effect 
of keystone species, such as apex predators, on 
ecosystem health and composition. This is not 
only through directly altering prey and meso- 
predator abundance and behaviour, but also 
indirectly influencing vegetation composition 
through altered grazing pressures. 
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The Mount Hotham Alpine Resort (MHAR) 
in Victoria, and surrounding national parks 
participate in conservation management 
methods to control invasive species including 
deer, Red Foxes and feral Cats (Parks Victoria 
2018, 2019). It is known that dingoes are pre- 
sent throughout this region (Fig. 8f, Mansergh 
2016), but their distribution, abundance and 
role remain poorly documented. The cur- 
rent methods used to control meso-predators 
within the area include baiting, which dingoes 
are sensitive to and likely to consume (MclIlroy 
1981; Parks Victoria 2019). It is plausible that 
the health of the ecosystem could be improved 
with increased protection of dingoes as this 
could allow them to carry out their role as an 
apex predator (Johnson and VanDerWal 2009; 
Smith et al. 2019). 

The use of trail cameras to monitor faunal 
presence and distribution has become increas- 
ingly common as technology improves and 
costs reduce (Meek et al. 2014). Camera trap 
data can be useful for the detection of animal 
presence with minimal human interference 
(Caravaggi et al. 2017). Using trail cameras can 
also lead to discovering how some faunal spe- 
cies may influence others (Lazenby et al. 2015). 
This could give insight into which species 
should be prioritised for protection or eradica- 
tion and guide other wildlife management deci- 
sions (Lazenby et al. 2015). 

In 2013, trail cameras were introduced to 
MHAR as part of its wildlife management. 
Early data produced some surprising results, 
including breeding dingoes and more deer 
than previously thought. This study sought to 
analyse the MHAR trail camera data to exam- 
ine the interactions between dingoes, Red Fox- 
es, feral Cats and Sambar Deer. Such an analysis 
could contribute to better understanding the 
role of dingoes in their environment. 


Materials and Methods 

Study location 

The study was conducted across the MHAR 
which has an area of 34.5 km? (Figs. 1a and 1b) 
and is located 357 km north-east of Melbourne, 
Victoria. The study site comprises snow gum 
woodland with variation in shrubby or grassy 
understorey and changing elevation. It is sur- 
rounded by the Alpine National Park. Over 
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Melbourne 


Google Earth * 


Fig. 1. Location of the Mount Hotham Alpine Resort within Victoria and resort boundary. Retrieved from 


Google Earth Pro (top) and Google Maps (bottom). 


summer, the mean maximum temperature is 
15.4 °C and in autumn it is 8.7 °C (Bureau of 
Meteorology 2019). 


Study species 

The dingo is distinguishable from the domes- 
tic dog Canis familiaris through a range of 
morphological features. In this study, dingoes 
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were identified using the methods outlined by 
Smith (2015). 


Camera surveys 

Reconyx (Hyperfire 2 Professional Covert 
IR) and Scout Guard (SG550V Semi Covert, 
SG560K Fully Covert IR, and KG680V Semi 
Covert) trail cameras were set up for two con- 
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secutive years within the MHAR for the purpose 
of pest animal monitoring. The cameras were all 
unbaited. From October 2017 to May 2018, six 
were set up (Fig. 2) with a total of 963 camera 
trap nights. From November 2018 to June 2019, 
18 trail cameras were set up (Fig. 2) with a total 
of 1734 camera trap nights. Cameras were set at 
normal sensitivity, with three photos taken per 
trigger and a delay time of one second between 
photos. Dingo, deer, feral Cat and Red Fox 
images were sorted by location, date and time 
into spreadsheets for statistical analysis. 

To account for seasonal variation, data from 
November to May were used for comparisons 
between the two years of 2017/18 to 2018/19. 
Other statistical analyses were carried out us- 
ing data from November 2018 to June 2019. 
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To compare the temporal distributions of feral 
Cats, Red Foxes and deer with dingoes, Kol- 
mogoroy-Smirnov tests were carried out using 
IBM SPSS. Chi-square tests were used to com- 
pare the number of observations of feral Cats, 
Red Foxes and deer on cameras that recorded 
dingo images compared to cameras that did not 
record dingo images. 


Results 
The relative number of dingo and feral Cat 
observations appeared similar over two years 
whilst the total number of Red Fox and deer 
observations appeared to increase (Table 1). 
Dingoes were observed on nine of the 
18 cameras (Fig. 3), with six individuals 
identified (Fig. 4). Only three of these cameras 


Fig. 2. Trail camera locations in the Mount Hotham Alpine Resort. Cameras from 2018/19 are displayed as 
black dots; dots that are circled indicate trail camera locations in 2017/18. 


Table 1. Average number of observations per total number of trap nights from November to May. 


2017/18 
No. of trap nights 1530 
Dingo Canis dingo 0.04 
Cat Felis catus 0.10 
Fox Vulpes vulpes 0.01 
Sambar Deer Rusa unicolor 0.08 
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2018/19 
935 
0.05 
0.10 
0.05 
0.12 
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had a prominent number of dingo observations 
(Fig. 5; cameras a, b and c), where cameras that 
detected at = 5 separate days of dingo observa- 
tions were recorded as ‘prominent. The six re- 
maining trail camera locations where dingoes 
were detected had < 2 observations over the 
sampling period. 


te Ba 
Te 


A dingo hotspot was determined where a cluster 
of seven cameras detected dingoes in the north- 
east of the resort, entailing the three cameras 
with prominent dingo observations (Fig. 5 cam- 
eras a, b and c). On cameras a and b, there were 
frequent images of two adult dingoes, with one 
image of a pregnant female captured in May 
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Fig. 3. Locations of cameras that detected dingoes are indicated by dark grey dots. 


Fig. 4. Sample photos (Reconyx, ScoutGuard) of Canis dingo individuals within Mount Hotham 
Alpine Resort. Images a-e were taken in the 2018/19 sampling period, with a-d displaying juvenile 


| 


ScoutGuard "09.27,2012 07 


dingoes. Image fis sourced from 2012, showing two C. dingo pups. 
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Fig. 5. Dingo hotspot is outlined with dark grey line. Circle size of the grey dots indicates the number Seon 
observations. The smallest dots represent 1 observation; medium points represent 2-5 observations; and the 
large dots represent cameras that had 6-15 Dingo observations. Locations of cameras that did not detect Din- 


goes are symbolised by white points. 


2019. Camera c detected four juvenile dingoes 
and no adults. 


Interactions with introduced species 

Spatial Distributions 

There was significant spatial overlap of foxes 
and deer with dingoes (Chi-square goodness of 
fit test, Red Fox: y? = 1.96, df= 1, p-value < 0.05; 
deer: x” = 66.05, df ="1, p-value < 0.05, Table 
2). There were significantly fewer feral Cats in 
locations where dingoes were observed (Chi- 
square goodness of fit test, x? = 9.0218, df = 1, 
p-value < 0.05, Table 2). The number of obser- 
vations of feral Cats, Red Foxes and deer was 
dependent on dingo presence or absence (Chi- 
square test of independence y’ = 134.83, df = 2, 
p-value < 0.05). 


Temporal distributions 

The temporal distribution of dingoes was sig- 
nificantly different to the temporal distribution 
of Red Foxes (K-S test, n=152, p < 0.001, Fig. 6) 
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Table 2. Number of observations of Cats, Foxes 
and Deer on cameras within the dingo hotspot 
and cameras outside the dingo hotspot over the 
2018/19 sampling period 


Dingo Non-Dingo 
Hotspot Hotspot 

Cat 

Felis catus 23 143 
Red Fox 

Vulpes vulpes 64 12 
Sambar Deer 

Rusa unicolor 157 26 


and feral cats (K-S test, n=242, p < 0.001, Fig. 
7). The temporal activity of deer was broadly 
distributed and significantly different from 
the temporal distribution of dingoes (K-S test, 
n=259, p < 0.05, Fig. 8). 
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Fig. 6. Temporal distributions in 2 hour time blocks 
of Dingo Canis dingo and Red Fox Vulpes vulpes. 
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Fig. 7. Temporal distributions in 2 hour time blocks 
of Dingo Canis dingo and feral Cat Felis catus 
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Fig. 8. Temporal distributions of Dingo Canis dingo 
and Sambar Deer Rusa unicolor in 2 hour time blocks 


Discussion . 

Dingo population dynamics and activity 
Throughout the MHAR, six individual dingoes 
have been identified, four of which appeared 
to be less than one year old. The capture rate 
of dingoes was relatively low. Harden (1985), 
in a New South Wales study, found an aver- 
age home range of C. dingo to be 27 km’. The 
Mount Hotham Resort area covers 34.5 km’. 
Although dingoes have been known to breed in 
the MHAR (Fig. 4f), it was not determined dur- 
ing the study whether the resort was a large part 
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of the core range. It appears evident that the 
north-eastern area of the resort is at the bound- 
ary of the dingoes’ territory. Dingo temporal 
activity appeared to peak at dusk and dawn, 
which is consistent with the findings of Harden 
(1985). 


Meso-predator Interactions 

This study provides evidence that the behav- 
iour and distribution of meso-predators in 
MHAR may be influenced by the presence of 
dingoes. Whilst spatial overlap of foxes and 
dingoes was found, the temporal distribution 
of Red Foxes and dingoes was different. Conse- 
quently, this suggests that they can co-exist by 
being active at different times of the day. Cup- 
ples et al. (2011) noted that dingoes, through 
direct killing of and competition for prey, re- 
duce Red Fox numbers. Mount Hotham and 
surrounding land is subject to European Hare 
Lepus europaeus infestations (Green and Pick- 
ering 2013) that, in overabundance, perhaps 
alleviate some competition. Foxes and dingoes 
also have similar food and habitat requirements 
(Cupples et al. 2011) which could explain the 
overlap in spatial distributions. 

There is evidence that dingoes influence feral 
Cat behaviour. The differing spatial distribu- 
tions of cats and dingoes could suggest dingo 
avoidance or dingoes reducing the abundance 
of cats in some areas. This accords with the 
findings of Brook et al. (2012) who compared 
meso-predator abundance at sites with and 
without the employment of dingo control 
methods. Temporal cat and dingo activity also 
differed. The differing temporal distribution of 
dingoes with mesopredators across all locations 
is indicative of both niche partitioning, as feral 
Cats and Red Foxes are not frequently active at 
the same time as dingoes, and the inhibition of 
free-ranging activities 


Interactions with deer 

This study did not find evidence of dingo avoid- 
ance by deer. There was spatial overlap between 
deer and dingoes and temporal distribution 
was broad. However, this relationship may 
vary depending on location and human inter- 
ference. Glen et al. (2007), for example, note 
that anthropogenic influence and removal of 
dingoes results in altered social and hunting 
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structures. Deer have been reported as a prey 
species of dingoes, but have not been docu- 
mented as a large portion of the C. dingo diet 
(Moriarty 2004; Forsyth et al. 2018). 


Conclusion 

This study found evidence that feral Cat spatial 
distributions in the MHAR are impacted by 
dingoes, whilst Red Foxes and deer appear to 
spatially overlap with dingoes. These findings 
could be explained by other factors that were 
outside the controls, including habitat suitabil- 
ity and vegetation composition at camera sites. 
Human presence may also influence faunal dis- 
tribution by avoidance or attraction explained 
by an increase in food or habitat resources 
(Whittaker and Knight 1998). 

Additionally, the dingo presence may be too 
small to exert the full pressures of an apex 
predator on Red Fox and deer populations. It 
is likely that juvenile dingoes do not apply the 
pressures on introduced species that would be 
applied by adult dingoes hunting together. Oth- 
er interactions, such as feral Cat and Red Fox 
interactions (Molsher 1999), and dingoes prey- 
ing on other abundant herbivores.such as Hares 
(Corbett and Newsome 1987) are also likely to 
be occurring. 


Future research 

While this study was limited in time, the results 
are consistent with the emerging understand- 
ing of the role of the dingo as an apex predator. 
Fox and feral Cat control measures are directed 
towards conservation of small mammal popu- 
lations such as B. parvus. Therefore, resources 
used for 1080 controls are possibly counter- 
productive, and should be directed to more tar- 
geted, dingo-friendly techniques. 

To further explore the spatial patterns of din- 
goes and introduced species, the MHAR and 
adjacent national parks should maintain and 
expand the trail camera network. This could 
be carried out in conjunction with scat collec- 
tions and vegetation or habitat surveys at trail 
camera sites. 

Research on the contents of scats would be 
useful to determine the diet of dingoes in the 
alpine region. Brook and Kutt (2011) noted that 
the dingo diet is principally made up of species 
that are locally common or abundant. Addition- 
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ally, habitat structure can alter the threat level of 
predation (Lima and Dill 1990) and therefore, 
the diet of dingoes in arid locations may differ 
from that of dingoes in forested locations. 
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Ploughing boulders in the Snowy Mountains: evidence that 
periglacial processes are still active on mainland Australia. 
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Abstract 


Ploughing boulders move slowly downhill forming an uphill furrow and a turf-covered rampart in front of 
the boulder similar to a bow wave. Snow melt of the turf-covered rampart allows reduction in shearing resist- 
ance at the base of the boulder. Ploughing boulders commonly move 20 mm/year but are faster in the Snowy 
Mountains because they occur in deeper soils. Ploughing boulders are common in New Zealand, Central Asia 
(the Tien Shan), Norway, Britain, Ireland, and Canada. This study shows that periglacial processes are still ac- 
tive on mainland Australia. (The Victorian Naturalist, 137(4), 2020, 105-109) 


Keywords: periglacial, Mount Kosciuszko, alpine, soil mountains 


Introduction 

Only small areas of mainland Australia were 
glaciated in the late Pleistocene, with two 
glacial events that covered 15-50 km? of the 
Snowy Mountains (Galloway 1963; Barrows et 
al. 2001). The permanent snowline was approx- 
imately 400 m higher than the 2228 m summit 
of the highest mountain, Kosciuszko, (Browne 
1952). Nowadays, winter snow persisting into 
a second winter is rare below this-area, last be- 
ing recorded in 1997 in studies of snowpatches 
(Green and Pickering 2009). There are no 
records of permafrost (Costin et al. 1967); 
however, most of south-eastern Australia above 
600 m AsL would have experienced periglacial 
conditions (Galloway 1965). 

Ploughing boulders, slow downhill move- 
ments of large rocks, are described in New Zea- 
land (Grab et al. 2008), Britain (Wilson 2017) 
and Norway (Berthling et al. 2001). In Canada 
these are referred to as ploughing blocks (Hall 
et al. 2001). Ploughing boulders in the South- 
ern Hemisphere were first recorded in New 
Zealand, adding further to the knowledge of 
periglacial phenomena (Grab et al. 2008). Per- 
iglacial landforms and evidence of periglacial 
action in the Snowy Mountains are widespread; 
these include patterned ground, frost wedging 
and shattering, tors, aeolian deposits, string 
bogs, blockstreams and slope deposits (Costin 
et al. 1967). Blockstreams and solifluction de- 
posits, in particular, are well represented. Per- 
iglacial deposits can be seen exposed in road- 
side cuttings on the Guthega Road. Elsewhere 
throughout the mountains on slopes <15° from 
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montane altitudes through the subalpine to the 
alpine, blockstreams and blockfields are com- 
mon. Solifluction terraces (non-sorted steps) 
occur along the Main Range on slopes 4-25". 
Probably, the latter are inactive currently except 
locally in sites with shallow snow causing surfi- 
cial instability (Costin et al. 1967; Costin 1972). 
Frost heave has produced linear earth hum- 
mocks and stone packing. It was believed that 
periglacial processes, other than frost heave, no 
longer occurred on the Australian mainland 
except in very localised sites. Periglacial ac- 
tion is now restricted to the alpine zone, and 
above 2000 m Ast gelifluction and frost shatter- 
ing are most significant (Barrows et al. 2001). 
However, over the past three decades, with 
years of shallow snow, more intense frost heave 
has resulted in the displacement of vegetated 
hummocks up to 50 cm in diameter and 20 cm 
deep in the flat of the Snowy River at 1950 m 
(Green pers. obs. 2005). Similar processes were 
previously observed by Costin (pers. comm. 2 
May 2020). 

Active ploughing boulders are found 
throughout areas of the Kosciuszko alpine zone 
and have been recorded in the col between Mt. 
Twynam and Little Twynam, Blue Lake upper 
moraine, Carruthers Peak, Mt. Lee, Mt. Clarke, 
Muellers Pass, Mt. Townsend and from Mt. Ko- 
sciuszko ridgelines and the Etheridge Range. 
Recent formation of furrows and turf-covered 
ramparts similar to a bow wave show that the 
ploughing boulders are active periglacial forms. 
This study concentrated on a location where 
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ploughing boulders can be found on different 
aspects and occur from the first boulders seen 
above the metal walking track from Rawson 
Pass (Fig 1). The study aimed to measure the 
down-hill movements of ploughing boulders 
in an attempt to determine the continued ac- 
tion of periglacial processes in the Kosciuszko 
alpine zone. 


Methods and Results 

A total of 45 ploughing boulders were identi- 
fied in the Lake Cootapatamba area below 
Mount Kosciuszko (Table 1). All sites were at 
or about altitudes above 2100 m; 17 sites faced 
approximately west (224-250° magnetic) and 
28 faced east (108-143°). The slopes facing west 
average 27.1% (12.5-47.5%) and east 44.3% 
(21.0-61.5%). Iron bars 25 cm in length by 0.8 
cm thick were hammered into ground level us- 
ing a 5 pound mallet. The distance between the 


top of the iron bar and the nearest point in the 
rock was measured exactly for each of the 45 
ploughing boulders for future re-measurement. 
The average distance between the fixed location 
and the boulders was 236 cm (55-522 cm). 

Locations of ploughing boulders were es- 
tablished in the summer of 2007/08. These 
locations were re-measured in 2012/13 and 
2019/20. Of the 45 sites, six became unstable 
due to avalanches with two boulders complete- 
ly gone (or at least crushed to the extent that 
they were not identifiable). Of the remainder, 
four boulders did not move at all. Taking into 
account the five years and seven years between 
sampling, the average movement per year was 
22.3 mm and 27.6 mm respectively. This was 
affected by one ploughing boulder, Number 36, 
which moved 74 and 148 cm, but was still mov- 
ing as ‘expected’. Excluding this result, the aver- 
ages were 18.6 and 22.2 mm. 


Fig 1. Ploughing boulder number 9 on a west slope of 14% shows the uphill furrow and the turf-covered 
rampart on the left side and front of the boulder similar to a bow wave. On the opposite side of the gully the 
ploughing boulders occur on east-facing steeper slopes beneath the remaining winter snow cover, including 
snowpatch study sites. 
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Table 1. Ploughing rocks below Mt. Kosciuszko near Lake Cootapatamba with average annual movement 
measured (mm/year) in 2013 (n=5 years) and 2020 (n=7 years) 


Rock # Slope (%) Aspect (°) 2013 2020 
West Facing 
1 28 230 20 29 
2 29.5 225 18 16 
3 12.5 224 6 7 
4 5 225 6 0 
5 18 240 6 9 
6 23.5 245 14 10 
7 25 238 6 0 
8 1S a 240 40 26 
5, 14 250 22 20 
10 20 245 10 7 
24 37 250 46 27 
25 33 235 10 13 
26 21 231 4 6 
27 39.5 246 0 24 
28 32.5 236 16 1 
29 22 246 4 3 
30 26.5 236 24 23 
31 40.5 242 24 13 
33 IM ive) 238 30 a 
East Facing 
11 32.5 125 30 49 
13 29.5 125 4 6 
15 34 119 20 70 
17 43.5 133 12 26 
18 44 140 42 77 
19 47 126 40 110 
20 44 130 60 14 
21 41 126 24 14 
22 44 134 2 6 
Pas} 47 140 10 33 
34 PM} 125 22 24 
35 52 124 2 0 
36 48.5 124 74 148 
sb/ 46 112 12 13 
38 59.5 108 22 51 
39 40 lll 26 7 
Discussion feldmark vegetation occurs) did not exceed 75 


During pre-1972 conditions, when most per- 
iglacial research was undertaken in Kosciuszko 
alpine zone, a fall of 3 °C in the average annual 
temperature or a reduction in the insulating 
winter snow cover would have been necessary 
for periglacial mass movement associated with 
non-sorted steps (Costin 1972). Frozen soils are 
uncommon in the mainly vegetated and snow- 
covered alpine area of the Snowy Mountains. 
Even in severe early winter frosts, when the soil 
was not protected by snow on old solifluction 
terraces, freezing on sections of the step (where 
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mm (Costin et al. 1967). However, nivation 
processes beneath deep snow (up to 30 m deep) 
have been recorded on Mt. Twynam cirque in 
the Snowy Mountains. Rocks more than two 
metres in length were moved by snow across 
base rock for average annual distances of 76- 
363 mm, depending on snow depth, and trav- 
elled uphill in places (Costin et al. 1964; 1973; 
Jennings and Costin 1978). There is evidence of 
crushing damage to data loggers deployed un- 
der the snow in this area (Green, pers. obs. 24 
March 2020). 
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There are differing viewpoints as to how 
ploughing boulders move; however, gelifluction 
is the principal mechanism (Grab et al. 2008). 
Relative to the surrounding ground, the thermal 
conductivity of the boulders is much greater 
and, when, moving downhill they normally 
adopt the alignment of least resistance (Ballan- 
tyne 2001). However, there are instances where 
boulders do not align along the long axis, both 
in the Snowy Mountains and elsewhere (Costin 
pers. com. 2 May 2020; see also Berthling et al. 
2001). The ability of the boulders to conduct 
heat results in the development of ice lenses be- 
neath them during winter. The seasonal freez- 
ing plane occurs earlier and attains a higher wa- 
ter-equivalent content as water is drawn to the 
freezing front, causing earlier ice-lens growth at 
the boulder base (Ballantyne 2001, Grab et al. 
2008). Melting of the ice lens in spring moves 
the boulders by gelifluction and results from 
trapping of water under boulders during the 
spring thaw (Ballantyne 2001). This, together 
with snow melt of the turf-covered rampart, al- 
lows reduction in shearing resistance at the base 
of the boulder, causing the regolith to behave as 
a viscous liquid (Ballantyne 2001). Hence the 
boulders can move a short distance down the 
slope. 

Ploughing boulders have been studied in a 
variety of soil types, in a number of locations 
worldwide, such as on the Rock and Pillar Range 
in the South Island of New Zealand (Grab et 
al. 2008), in the McGregor Mountains in the 
Canadian Rockies (Hall et al. 2001), southern 
Norway (Berthling et al. 2001), Slieve Donard 
in Ireland (Wilson 2017), in Scotland and the 
Lake District in Great Britain (Ballantyne 2001) 
and in the Tien Shan in Central Asia (Gorbunov 
1991). In the Australian Snowy Mountains most 
rock types on the main range are granite but oc- 
casionally sedimentary rocks do occur. 

In the Snowy Mountains ploughing boulders 
are on west-facing slopes that average 26.6% 
(14.0-40.5%), and on east-facing slopes aver- 
aging 42.5% (27.0-59.5%). These are similar to 
slope average gradients on the Rock and Pillar 
Range of 34.2% (21.3-64.9%; Grab et al. 2008), 
the Fannich Mountains (17.6-67.5%; Ballan- 
tyne 2001) and the Tien Shan (8.7-57.7%; Gor- 
bunov 1991). The snow on west facing slopes to 
Lake Cootapatamba (Fig. 1) is not long lasting 
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in summer and the two measurements taken in 
2013 and 2020 show rocks moved on average 
16.1 and 13.5 mm/year whereas on the east- 
facing slope movement averaged 29.8 and 44.5 
mm/year. Even with Number 36 removed, the 
averages were 21.9 and 33.3 mm/year. Annual 
rates of movement have been recorded from 
0.3 mm/year (Shaw 1977 in Ballantyne 2001) to 
circa 75 mm/year (Gorbunov 1991) and move- 
ment is generally faster on steeper slopes. These 
figures are in contrast to New Zealand figures 
which were 11.4 mm/year (6.2-18.8) (Grab et 
al. 2008) and 8.6 mm/year (1.4-25.2) in Nor- 
way (Berthling et al. 2001). In Great Britain, 
average movement rates were both lower and 
higher at 0.3 to 34.5 mm/year (Hall et al. 2001). 

Movement of ploughing boulders is greater in 
the Snowy Mountains than recorded over the 
same period elsewhere. Gradient, the size and 
shape of boulders, and frontal obstacles, all in- 
fluence the difference in the distance boulders 
move (Grab et al. 2008). In Norway, ploughing 
boulders moved only during the annual freeze- 
thaw cycle (Berthling et al. 2001). This suggests 
that the east-facing slope near Lake Cootapa- 
tamba, which had higher rates of movement 
was relatively more active, possibly because of 
greater snow impact. Figures for Canada mod- 
elled at circa 55 mm/year were calculated by as- 
suming a linear relationship (Hall et al. 2001). 
Even at this higher level, five boulders below 
Lake Cootapatamba moved distances greater 
than 50 mm/year on average. Number 36 was 
one of the smallest boulders, at circa 0.5 tonnes, 
and moved a considerable distance, whereas 
Number 14 was circa three tonnes but did not 
move over the same period. One other factor 
may be important—the soil depth. So deep are 
the alpine soils that Costin (1955) referred to 
the Snowy Mountains as ‘soil mountains. In the 
snowpatch community soil depth varied from 
virtually zero to 225.0+129 mm (Green and 
Pickering 2009). In the Lake Cootapatamba 
snowpatch communities, pictured in Fig. 1 be- 
low the large chain of snowpatches at the com- 
mencement of vegetation cover, this variation 
in soil depth occurs over a distance of just 35 
to 40 m. This is indicative of the areas through 
which the boulders are sliding. The Kosciusz- 
ko boulders move downhill faster than most 
ploughing boulders simply because of the ease 
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of movement in the deep soils over which they 
move. This study shows that periglacial pro- 
cesses are still active on mainland Australia. 
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Abstract 


‘The sun moth Synemon laeta (Castniidae) was previously only known from Queensland until it was recorded 
in 2014 at two sites in the northern part of the Pilliga Forest, in the Brigalow Belt South bioregion in northern 
inland New South Wales. This paper documents a further two recent site records of the species, indicating a 
broader distribution in the Pilliga Forest. (The Victorian Naturalist, 137(4), 2020, 110-113) 


Keywords: Synemon laeta, sun moth, Castniidae, distribution, Pilliga Forest 


Introduction : 

The sun moths (family Castniidae) are a group 
of day-flying moths found in Australia, south- 
east Asia, and Central and South America 
(Common 1990). There are currently 30 named 
species in Australia, all within the endemic 
genus Synemon Doubleday, 1846, and another 
14-18 undescribed species (Braby et al. 2020). 
The sun moth Synemon laeta Walker, 1854 
was previously only known from Queensland 
until it was recorded in 2014 at two sites in the 
northern part of the Pilliga Forest, in the Bri- 
galow Belt South bioregion in northern inland 
New South Wales (NSW) (Murphy 2015). The 
species was opportunistically recorded at two 
new Sites (sites 3 and 4 — Fig. 1) in the Pilliga 
Forest over the 2016-2018 period. This paper 
documents information on these new records. 


Observations 

A single Synemon laeta was seen at site 3 un- 
der warm to hot, sunny conditions at 12:20 h 
Australian Eastern Daylight Time (AEDT) on 
13 February 2016, perching on yellow ground 
flowers in a small roadside clearing. Several 
butterfly species were concurrently active at the 
site: Small Grass Yellow Eurema smilax, Lesser 
Wanderer Danaus petilia, Meadow Argus Juno- 
nia villida and Long-tailed Pea Blue Lampides 
boeticus. Site 3 (30° 32.9'S 149° 22.0'E) was in 
the Coghill Bore area in Pilliga East State Forest, 
at the intersection of Railway Survey Road and 
Ice Cart Road, about 70 m from Coghill Creek. 
Like all streams in the Pilliga Forest, Coghill 
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Creek is ephemeral, and was dry at the time 
of observation. Vegetation at the site was open 
forest of Buloke Allocasuarina luehmannii and 
White Cypress Pine Callitris glaucophylla, while 
the vegetation along the nearby Coghill Creek 
was open forest with Rough-barked Apple An- 
gophora floribunda and White Cypress Pine. 

Several Synemon laeta were seen at site 4 
under sunny conditions with an air temperature 
of 38 °C at 15:00 h AEDT on 15 February 2018. 
The sun moths were chasing each other, flying 
back and forth within about 2 m of the ground 
and perching on the tops of dry grass and mat 
rush stems. One specimen was vouchered 
and lodged in the Australian National Insect 
Collection (ANIC) (Canberra). Despite being 
disturbed by capture attempts, the sun moths 
kept returning to settle again within a few me- 
tres. Site 4 (30° 59.7'S 149° 16.9'E) was the dry 
creek bed ofa tributary of Dandry Creek, about 
300 m west of Badham Trail in Pilliga Nature 
Reserve. Vegetation at the site was Rough- 
barked Apple open forest with an understorey 
of mat rush Lomandra sp. and grasses (Fig 2). 

One Synemon laeta was also observed at the 
Ironbark Crossing site (site 1, Fig. 1) described 
by Murphy (2015) at 15:30 h AEDT.on 13 
February 2016. 


Discussion 

The Pilliga Forest comprises two different land- 
form units (Fig 1). The east and south-east part 
of the forest comprises low sandstone ridges 
and wide valleys, while the west and north 
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Fig. 1. Location of Synemon laeta records in the Pilliga Forest. Sites 1 and 2 refer to records described by Mur- 
phy (2015) and sites 3 and 4 refer to records described in the current paper. The shaded area shows the extent 
of the Pilliga Forest and the dotted line marks the boundary between the south-east Pilliga sandstone country 
and the Pilliga Outwash in the north and west. Inset map: PF = Pilliga Forest, WNR = Weetalibah Nature 


Reserve (see Discussion). 


occupies the apex of a compound alluvial out- 
wash fan. The finer soils towards the base of 
the fan and volcanic soils to the east and south 
of the forest have been cleared for agriculture, 
with the Pilliga Forest left as a large remnant 
on the poorer soils (Murphy and Shea 2013). 
The Coghill Bore site (site 3) reported here, to- 
gether with the two sites (sites 1 and 2) previ- 
ously reported (Murphy 2015), form a cluster 
of Synemon laeta records on the flat plain of the 
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northern Outwash forest. The Dandry Creek 
site (site 4), however, is located in the south- 
east Pilliga forest and is 46 km south of the 
closest other record. The known extent of oc- 
currence of S. laeta in the Pilliga Forest, based 
on a minimum convex polygon enclosing the 
four known sites, is 469 km. 

The Pilliga Forest may not be the south- 
ern limit of Synemon laeta. A sighting of a 
probable sun moth on the eastern edge of 
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Fig. 2. Habitat at site 4 (Dandry Creek). 
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Weetalibah Nature Reserve was reported by J 
Murphy (pers. comm. 2016). A single individ- 
ual was observed under fine, sunny conditions 
on 11 February 2016, perched like a moth on 
the top of a dry grass stem and briefly display- 
ing colourful hindwings. This location (31° 
44.0'S 149° 38.3'E) (Fig. 1), near a tributary of 
Flash Jack’s Creek, is about 60 km south of the 
Pilliga Forest at the southern end of the Briga- 
low Belt South bioregion. 

All records of adult Synemon Iaeta in the Pil- 
liga Forest have been between early January 
and mid-February (Murphy 2015; this study). 
These records have all been opportunistic ob- 
servations and it is not known whether the 
activity period for local populations extends 
beyond this range. The adult flight period of S. 
laeta across its broad range is between Octo- 
ber and March (Williams and Williams 2016). 
The population near Leyburn on the Dar- 
ling Downs in southern Queensland (340 km 
north-east of the Pilliga Forest), has an adult 
flight period extending from late December 
to mid-March (Dunn 1996). Flight periods for 
sun moth species with broad distributions can 
vary with latitude (Williams et al. 2016) and it 
is possible that the flight period in the Pilliga 
Forest is shorter than at Leyburn. 

All four known sites in the Pilliga Forest are 
on or near ephemeral creeks. This pattern of 
occurrence may be related to the distribution 
of the larval food plant, which is Lomandra 
(Dunn 1996; Edwards 1997; Braby et al. 2020). 
Although generally dry in most years, proxim- 
ity to ephemeral creek lines in the Pilliga For- 
est strongly influences the composition of both 
flora and fauna communities (Date et al. 2002; 
Benson et al. 2010). 

Synemon laeta has not previously been re- 
corded visiting flowers, although it does have 
an apparently functional proboscis (Williams 
and Williams 2016). The observation reported 
here, of a single S. Jaeta perching on an uni- 
dentified ground flower at site 3, is therefore of 
interest. It is not known whether it was feeding 
at the flower or just using it as a perch; how- 
ever, several butterfly species were also attend- 
ing these flowers, suggesting it may have been a 
nectar source. 

The Pilliga Forest is significant as one of the 
largest surviving woodland remnants on the 
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western slopes of the Great Dividing Range. 
The presence of Synemon Iaeta reinforces the 
high biodiversity value of the Pilliga Forest, 
which is an important area for invertebrate 
conservation (Murphy 2011, 2019; Murphy and 
Shea 2013). The observations documented here 
indicate that S. Jaeta has a broad distribution in 
the forest and contribute to our understanding 
of this species. 
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Recolonisation of rocky reef area at Inverloch, Victoria 


Introduction 

Anderson Inlet is an estuarine area which has 
the mouth of the Tarwin River at its eastern 
end, with an outlet into Bass Strait at the west- 
ern end. Settlement of the area around what 
is now the town of Inverloch started around 
1870, when freehold land became available. The 
western end of the southern shoreline is Point 
Smythe. The long sandbar that extended from 
the vegetated area of Point Smythe to the nar- 
row entrance channel was covered at high tide, 
with breaking waves indicating its position. A 
rocky reef lined the Inverloch township fore- 
shore from the west at about the end of Abbott 
Street to about Venus Street featuring many 
rock pools at low tide, providing shelter and 
food for a large array of marine species. 

Changes to the foreshore and intertidal area, 
often of a relatively minor nature, have oc- 
curred regularly over many years, but, since 
2012, there have been dramatic changes (pers. 
obs. 2012 onwards). The surface of the rocky 
reef lining the foreshore has been drastically 
reduced until it was completely covered with 
sand. Early in 2013, a long sand-spit covered 
the original entrance channel of deeper water, 
which had provided boat access into Anderson 
Inlet from Bass Strait. By the end of autumn 
2015, a large area of water became isolated 
from any tidal influence by sand banks that had 
developed, blocking all water access. By Sep- 
tember, winter storms had reopened a narrow 
channel to the ocean. A few common marine 
invertebrate species, such as Bembicium na- 
num, Austrocochlea constricta, and Siphonaria 
diemenensis, began colonising the small area of 
rocks that had been exposed. However, early in 
2016, the continuing influx of sand covered the 
entire reef. The area of water east of Point Nor- 
man, isolated from Bass Strait by sand, became 
stagnant and was locally referred to as “The 
Lagoon. 

At the beginning of September 2016, I noted 
that a 150 m long portion of reef had been un- 
covered again during the winter. A number of 
species already inhabited it. A survey of the 
newly uncovered area on 7 September 2016 
revealed that some normally common species 
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were absent. I therefore decided to check the 
reef regularly from then on to determine which 
species returned to recolonise the exposed reef, 
particularly species that previously had been 
common. 


Surveys 
Surveys of invertebrates and ascidians were 
conducted over a nine-month period, from 
7 September 2016 until 2 May 2017 inclusive. 
The portion of reef in question was inspected 
carefully for up to three hours, as the tide re- 
ceded and as it returned. Upper surfaces of 
rocks were checked before turning over suit- 
ably sized rocks to inspect species underneath 
them. Rocks were then carefully returned to 
their original position. Seaweed was sieved 
to check for more cryptic animals, including 
crustaceans. During the winter of 2017, the 
reef once again became covered by sand, and 
precluded any further surveys. This situation 
remains at the time of writing this article. 
Nomenclature follows that provided in Aus- 
tralian Faunal Directory (Department of En- 
vironment and Energy) and Codes for Aus- 
tralian Aquatic Biota (CSIRO Oceans and 
Atmosphere). 


Remarks 

A list of thirty common species present prior 
to the rocky reef being covered by sand in 2012 
(Table 1) was made from personal records ex- 
tending over a 25-year period. Five of these 
common species had not returned during the 
study period: Ischnochiton cariosus in the Poly- 
placophora; Patelloida alticostata, Granata 
imbricata and Nerita atramentosa in the Gas- 
tropoda; Parvulastra exigua in the Asteroidea. 
The latter, the small blue-green sea star, is a 
most notable absence as it was a particularly 
common sea star prior to the study area being 
covered by sand, and it is widespread intertid- 
ally on exposed rocks along the southern and 
eastern coasts of Australia. Of the remain- 
der, 12 species were observed in each survey, 
six in less than five surveys, with the remain- 
ing seven noted in five to eight surveys (Table 
1). Twenty of these thirty previously common 
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species were observed within the first two surveys, showing 
they are swift to recolonise an area. As with other species, 


g Dirac = not all of these twenty species were observed in each survey 
+ subsequent to their first appearance, with gaps occurring in 
sightings (Table 1). This could be due to a number of reasons. 
Some may have survived under the sand as either adults or 
2 eggs ready to hatch when suitable conditions returned. Juve- 
g Lat tA Es) im nile animals may have settled then found the habitat lacking 
in some way, such as absence of a suitable food source. 
= A total of 121 species were identified over the study 
S pee S period (Table 2). This included nine phyla and 13 classes 
3 (Table 3). The class Gastropoda, snails, were by far the most 
common with 51 species. The Malacostraca had 32 spe- 
ny] 2 = cies but were divided into the Amphipods or Sand fleas (14 
g| onary Q species), the Isopods or Sea lice (four species) and the 
crabs (14 species) (Tables 2 and 3). Other classes had only a 
a few species, six or less. 
s * 5 Forty-nine species were early colonisers and were observed 
S within the first two surveys, 7 and 21 September 2016. The 
Gastropoda represented 29 of these species. 
s aR a The following comments are made in regard to 
ES = selected species present or notably absent from the 
exposed reef. : 
Class Anthozoa — Sea anemones 
a Only the two species of anemones normally found at the 
5 at telted a higher intertidal level were seen during the survey, Aulac- 
tinia veratra and Oulactis muscosa (Fig. 1). The former oc- 
a curred in only one survey, 21 September 2016, while the lat- 
$ a) ts = ter occurred in six surveys. Notably absent was Isanemonia 
a australis, which, previously, could be found under rocks of 
Alba the lower intertidal region and frequently is seen elsewhere 
5 = ram £ ” in similar habitats. 
g “OK a) 
= 2 
g Eee] a; 
S 4 
sz 
£8 
es 
robe 
ge 3 3 
& $258 8 & 
2 SSe8 $8 Se 
Oo gees 28 25 
gaa Se He aie 5 
So SEES 28 £8) Fig. Oulactis muscosa 


Table 1. (continued) 
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Table 3. Broad groups of organisms recolonising reef. 


Phylum Class 

Cnidaria Anthozoa 

Platyhelminthes Rhabditophora 

Nermertea Nemertinea 

Bryozoa Gymnolaemata 

Mollusca Bivalvia 
Polyplacophora 
Gastropoda 

Annelida Polychaeta 

Arthropoda Maxillopoda-Cirripedia 
Malacostraca-Amphipoda 
Malacostraca-Isopoda 
Malacostraca-Decapoda 

Echinodermata Echinoidea 

Chordata Ascidiacea 


Total number of species 


Class Bivalvia - Bivalves 

Mussel species are one of the most frequently 
observed bivalves in rocky habitats. Mytilus 
galloprovincialis and Xenostrobus pulex (Fig. 
2) were noted on each visit. Mytilus gallopro- 
vincialis was seen in aggregations rather than 
the scattered individuals that normally were 
seen before inundation of the reef by sand in 
2012. It occurs in large clumps further east 
around the jetty. Its appearance on the newly 
exposed rocks suggests that the habitat was bet- 
ter suited to its survival than that which existed 
before the inundation by sand. Mimachlamys 


Fig 2. Nerita melanotragus (black snail at upper left); 
Bembicium nanum (the two other larger shells); 
Chthamalus antennatus (barnacles); young Xenostro- 
bus pulex (small black shells amongst the barnacles. 
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Number of species Common names 
2 Sea anemone 
1 Flat worms 
3 Ribbon worms 
1 Bryozoans, Coral 
Sea lace 
14 Bivalves 
Clams 
6 Chitons 
51 Snails 
Sea slugs 
4 Bristle worms 
Tube worms 
1 Barnacles 
14 Amphipods 
Sandfleas 
4 Isopods 
Sea louse 
14 Crabs 
Shrimps 
1 Sea urchins 
5 Ascidians 
Sea squirts 
121 


asperrima (Fig. 3) was seen during only three 
surveys. All specimens were juvenile and about 
15 mm in length. Juvenile shells sometimes are 
found on the underside of rocks attached by a 
byssus consisting of a bundle of hair-like, tough 
threads. Adult shells are found unattached to 
the substrate in deeper, more open waters. The 
adult shells are often caught in scallop dredges. 


Fig 3. Mimachlamys asperrima 


121 


Naturalist Note 


Class Polyplacophora — Chitons 

Before the inundation of the rocky reef by sand 
in 2012, the most common chitons observed 
were Ischnochiton australis and I. elongatus 
(Table 1). Neither was common during the 
study period, with only one or two specimens 
seen when they were found. The first record of 
I. australis—previously an abundant species— 
was a single juvenile specimen in December. 


Class Gastropoda — Snails 

Species that commonly occur in the open on 
exposed rocks—Cellana tramoserica, Aust- 
rocochlea constricta, Bembicium nanum (Fig. 
2) and Siphonaria diemenensis—were ob- 
served during each survey. Frequently en- 
countered species previously observed, but 
not observed during the study period, in- 
cluded Patelloida alticostata, Granata imbri- 
cata, Euchelus aspersus, Cacozeliana granarium 
and Onchidella nigricans. Two black Nerita 
species previously present on the reef were 
Nerita atramentosa and N. melanotragus (Fig. 
2). The former was not seen during the study 
but previously had been more common than 
the latter and occurred over a wide area of 
the upper intertidal zone. Nerita melanotragus 
occurred mostly in the upper intertidal re- 
gion and was recorded during two surveys 
but with a three-month gap between sight- 
ings. The slug-like Sea Hare Aplysia juliana 
(Fig. 4), one of the thirty previously common 
species identified in Table 1, was seen for the 
first time comparatively late in the survey pe- 
riod, 7 December 2016 (Table 1). Aplysia 
juliana is a large animal, of about 130 mm in 
length, with a small internal shell, therefore 
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Fig 4. Aplysia juliana 
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classed as a gastropod. Its usual habitat is in 
rock pools where sea grass is growing. These 
animals attach their egg strings (Fig. 5) to the 
grass, leaving behind a tangle of threads that 
look like a small patch of spaghetti. Phasianella 
ventricosa (Fig. 6) is a snail with an attractive 30 
mm shell, in shades of orange, brown and yel- 
low with occasional greenish tinges. The vari- 
able patterns often consist of blotchy, longitudi- 
nal flames of contrasting colours. They can be 
found close to sea grass beds and other algae on 
which they feed. The common name of Painted 
Lady is shared by a larger, sister species, Phasi- 
anella australis, also found during the survey. 


Fig 6. Phasianella ventricosa 


Class Polycheta and Paleonemertea — 
Worms 

Few worms were observed. The common tube 
worms Galeolaria cespitosa, Galeolaria hystrix, 
Salmacina australis and Spirorbis sp. were seen 
in small numbers. Three nemertean species 
were recorded (Tables 2 and 3). 
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Class Malacostraca - Crabs and shrimps 

No species was common during the surveys 
although some species were observed dur- 
ing most of the surveys, e.g. Paragrapsus qua- 
dridentatus (Fig. 7). The only shrimp com- 
monly recognised before the inundation of 
the reef was Paleemon serenus. It was not 
seen during the survey until November. Crabs 
were seen during each survey but a notable 
introduced species was the European Shore 
Crab Carcinus menas, which was observed 
during six surveys. 

: RAN 


Class Asteroidea — Sea stars _ 
No Asteroidea species were observed during 
the survey period. 


Class Ophiuroidea — Brittle Stars 

While previously not observed on every visit to 
the area, Ophionereis schayeri was nevertheless 
frequently observed. However, it was not seen 
during the study period. 


Class Ascidiacea — Ascidians, Sea squirts 
Four species were identified, Ascidia sydneien- 
sis, Herdmania momus, Pyura tasmanensis and 
Pyura stolonifera complex. Of these, Pyura tas- 
manensis (Fig. 8), occurring in dense mats of 
individuals on the bottoms of rock pools, was a 
species that had not been observed in the area 
previously, suggesting that it may be an early 
coloniser. 


Some concluding comments 

Within less than a year, a reasonably wide di- 
versity of invertebrates and ascidians were able 
to recolonise the study area. The Gastropoda 
appear particularly good colonisers in terms of 
overall numbers of species, the number of early 
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Fig. 8. Pyura tasmanensis 
colonisers and general persistence of species 
once returned. Of concern is that previously 
common species do not necessarily return after 
being wiped out by an event. This was demon- 
strated by four of the thirty species previously 
common to the area failing to recolonise; how- 
ever, the study was only short, i.e. nine months. 
Also of concern is that introduced species may 
colonise an area, as demonstrated in this study 
by the European Shore Crab. 
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Book Review 


Dragonflies and Damselflies of Victoria and Tasmania 
by Reiner Richter and Ian Endersby 


Publisher: Entomological Society of Victoria, Fitzroy, Victoria, 2019. 163 pages, 
paperback, colour photographs. ISBN 9780648359210. RRP $42.00. 


For naturalists, the ability to easily identify 
the subjects of their interest is an essential re- 
quirement for their activities. Dragonflies and 
Damselflies of Victoria and Tasmania by Reiner 
Richter and Ian Endersby is a new field guide, 
produced with easy identification of the Odo- 
nata in mind. 

Individual species are listed systematically in 
the contents pages against their colour-coded 
distribution for Victoria, Tasmania and South 
Australia. The introductory notes are succinct 
but informative and include the significant dif- 
ferences between the damselflies (Zygoptera) 
and the larger dragonflies (Anisoptera) sup- 
ported by clear anatomical diagrams of their 
features. There is a brief general discussion of 
the Odonata and notes on their identification 
and distribution. 

The layout is very well thought out and 
easy to see at a glance. Each species is given a 
double-page spread with a brief description 
and notes on behaviour and distribution. Pho- 
tographs of both females and males are provid- 
ed for most species and, where possible, images 
of ‘teneral’ forms also are included. There is a 
small but clear map of the species’ distribu- 
tions for the states in which they are recorded 
and a bar chart for flight times throughout the 
year in each state. Where known, images of a 
few larvae have been included. Throughout 
the guide small red circles are used to clearly 
indicate important features referred to in the 
text. Reiner Richter’s images are extraordinar- 
ily clear and the insects appear as you would 
expect to see them in their natural habitat. In 
particular, close-up images of the Swamp Bluet 
Austrocoenagrion lyelli on page 41 are stunning 
and typical of the quality throughout the guide. 
A good picture is definitely worth a thousand 
words. All images except one were taken in the 
field by Reiner Richter. An extraordinary effort 
has been made to obtain good photographs of 
all of the species covered in the guide. : 
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This is a very usable guide, being small enough 
to take into the field but containing more than 
enough information to make identification 
easy for the novice as well as the expert. It is in- 
tended to be a field guide and fulfills that func- 
tion very well. The authors have designed it to 
be simple and easy to use and it works well. I 
purchased a copy when it was first released and 
I have found it to be one of the best field guides 
I have used. I have received excellent feedback 
from other naturalists who also are using it and 
Ihave no hesitation in recommending it to any- 
one as a good investment. 


Maxwell Campbell 

Field Naturalists Club of Victoria, 
PO Box 13, 

Blackburn, Victoria 3130. 
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